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ABSTRACT 


The main objective of this work was to compare the effect of 
ammonium- and nitrate-based fertilizers on the yield, nitrogen uptake, 
and nitrate accumulation of different crops. Factors considered in com- 
paring ammonium- and nitrate-based fertilizers were: time of application 
(fall and spring); method of application (mixing and band placement); 
and addition of a nitrification inhibitor, thiourea, to ammonium based 
fertilizers. Work consisted of: three greenhouse experiments with 
spinach (Spinacea oleracea), radish (Raphanus sativus),and barley 
(Hordeum vulgare) grown on three soils; and field experements with 
barley, turnip rape (Brassica campestris), and oats (Avena sativa) 
grown on three soils, 

A greenhouse experiment with spinach and radish, grown on a soil 
which nitrified very slowly, showed that at very heavy rates of applica- 
tion ammonium-nitrogen depressed growth of the two crops more than did 
nitrate-nitrogen. However, application of nitrate produced extreme 
accumulation of nitrate-nitrogen in the tissue of both crops. Two other 
greenhouse experiments were concerned with inhibition of nitrification 
of applied (NH), )250), and urea. Placement of fertilizer in a band, 
rather than mixing throughout the soil, slowed nitrification.of both 
(NH), ) 250), and urea. Addition of 20 or 25 ppm of thiourea to the banded 
fertilizer resulted in almost complete inhibition of nitrification of 
the fertilizers during the 5-week course of the greenhouse experiments, 


Further, thiourea at a rate of 20 or 25 ppm was not toxic to either 
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barley or radish. 

In three field Be enter ieeen fed Ca(NO3)2 was more subject 
than fall-applied (NH,,)2S0, to immobilization early in the subsequent 
season, and also more subject to remineralization later in the season. 
Differences in the growth and nitrogen uptake of spring-sown field crops 
which had received fall applications of Ca(NO3)o and (NH, )2S0, appeared 
to be the result of the different patterns of immobilization and 
remineralization of the two fertilizers. Early season growth and nitrogen 
uptake of rape was greater with fall-applied (NH,)2S0, than with fall- 
applied Ca(NO3)2 because of the greater immobilization in the spring of 
Ca(NO3)> applied the previous fall. Fall and spring applications of 
(NH, ) 250), were equally effective in increasing the yield and nitrogen 
uptake of rapeseed, barley grain, and oat forage, whereas fall~applied 
Ca(NO3)2 was in most cases less efficient than spring-applied Ca(NO3)o. 

Rape apparently preferred the nitrate form of nitrogen. Also 
indicated was a preference of rape for nitrogen fertilizers when 
placed in a band rather than when mixed in the soil. 

Thiourea was found to be an effective nitrification inhibitor 
under field conditions when applied at a rate of 50-lb. per acre with 
banded (NH), ) 250, fertilizer, and at that rate was not toxic to barley, 
oats, or rape. Applications of thiourea modified the growth. and 
nitrogen-uptake pattern of rape, and decreased the mid-season accumula- 


tion of nitrate-nitrogen in rape and oats. 
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INTRODUCTION 


Over the years researchers have conducted many experiments to 
compare ammonium am nitrate as sources of nitrogen for plant growth. 
In experiments with plants grown in nutrient solutions, some plant 
species have been found to grow better when fed with nitrate, and others 
when fed with ammonium, However, agricultural crops grown under field 
conditions have usually shown little difference in yield or quality 
when fertilized with nitrate-containing and ammonium-containing 
fertilizers. An explanation for this similarity of plant response 
under field conditions is probably that ammonium is nitrified quickly 
in most soils, and so crops feed largely on nitrate-nitrogen whether 
fertilized with nitrate-based or ammonium-based fertilizers. 

Nitrification inhibitors, which slow the nitrification of 
ammonium, are now being added to ammonium-based fertilizers in some 
areas of the U.SsA. While nitrification inhibitors are not now used 
extensively, their use will probably increase because they substantially 
reduce leaching of fertilizer nitrogen by slowing the formation of 
nitrate which is very subject to leaching. Differences between 
ammonium—based and nitrate-based fertilizers may become apparent when 
applied ammonium is stabilized with an inhibitor, because ammonium 
and nitrate can behave quite differently in their reactions with soils 
and in their effect on plants. Specifically, ammonium is much less 
subject to both denitrification and leaching than is nitrate. On the 
other hand, ammonium may be more subject to immobilization by soil 


microorganisms, The two forms of nitrogen may also differ in their 
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effect on growth and uptake of nitrogen of some plant species. 
Finally, some food crops may accumlate high levels of nitrate in their 
tissues when they feed on nitrate, but not when they feed on ammonium, 

Nitrification inhibitors will probably not come into common 
use in western Canada since leaching of nitrogen fertilizers is 
usually not a problem with the limited rainfall of the region. However, 
recent shifts in types of nitrogen fertilizers, and in their time of 
application may be of importance, There is increasing use of fertilizers 
which contain no nitrate (eg. anhydrous ammonia, and urea) and an 
increase in the amount of fertilizer applied in the fall rather than 
in the spring. Ammonium applied in the fall and stabilized with a 
nitrification inhibitor may remain as ammonium until spring and there- 
fore undergo different reactions than if it had been nitrified. 

The present study was undertaken with the general objective of 
comparing the effect of ammonium- and nitrate-based fertilizers on the 
yield and quality of crops. Specific objectives of the study were: 

1. To compare ammonium- and nitrate-containing fertilizers when applied 
in the spring and when applied in the fall of the year. 

2. To compare ammonium- and nitrate-containing fertilizers when mixed 
and when banded in the soil. 

3. To study the accumulation of nitrate-nitrogen in plants fertilized 
with ammonium- and nitrate-nitrogen,. 

4. To determine the effectiveness of thiourea in inhibiting 


nitrification, 
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REVIEW OF LITERATURE 


Nitrogen has long been recognized as an essential plant 
nutrient, and as the nutrient most often limiting crop -yields. A 
large number of nitrogen fertilizers have been formulated to supplement 
the existing supply of nitrogen in soils. These fertilizers, which 
usually contain ammonium, or nitrate, or a mixture of the a may 
affect the growth and quality of crops in different ways, and may also 
be immobilized at different rates by soil microorganisms, This review 
considers the effect of ammonium- and nitrate-nitrogen on the yield, 
nitrogen-uptake, and nitrate-nitrogen content of crops, and as well 
the immobilization of ammonium- and nitrate-nitrogen in soils. The 
effect of nitrification inhibitors in lessening losses of nitrogen 
fertilizer, and decreasing nitrate accumulation in crops is also 
reviewed. Particular emphasis is given to the nitrification inhibitor, 
thiourea, 

Considerable controversy has arisen over the relative merits of 
ammonium- and nitrate-nitrogen for plant growth. Solution culture 
technique has been used extensively to study ammonium- and nitrate- 
nitrogen nutrition of plants (Arnon, 1937; Clark and Shive, 1934; Stahl 
and Shive, 1933a; and Stahl and Shive, 1933b). Using this method the 
possibility of nitrification is eliminated, but experimental conditions 
often tend to favour plant growth with nitrate as compared to ammonium. 
Use of unbuffered solutions, low cation: ammonium ratios, low light 
intensity, and low oxygen levels are listed as conditions associated 


with solution culture studies which are detrimental to plant uptake of 
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ammonium-nitrogen Cuaenenenene! 1948). Improved techniques, such as 
tracer studies with N15 and the use of nitrification inhibitors 
recently have come into use and have shown the importance of ammonium 
nutrition of plants (Huber and Watson, 1972; Spratt and Gasser, 1970). 
The increasing concern about losses of nitrates through leaching and 
denitrification, and concern about accumulation of toxic amounts of 
nitrates in plants grown for food or feed, may favour the use of 
ammonium- rather than nitrate-containing fertilizers in the future. 

Most plants are capable of using both ammonium and nitrate 
forms of nitrogen (Nelson and Hauck, 1965; Muntz, 1893). Generally, 
nitrate-nitrogen is the form of nitrogen taken up by plants, not 
because plants prefer nitrate-nitrogen, but because ammonia is so 
rapidly oxidized in most soils (Alexander, 1967). Although nitrate- 
nitrogen is probably the most important source of nitrogen in agricultural 
soils it is not essential for plant growth, and under conditions which 
exclude the possibility of nitrification, normal plant growth can often 
be achieved with ammonium-nitrogen (Nightingale, 1937; Tam and Clark, 
1943; Tam and Clark, 1945). 

On nitrogen deficient soils the effect of fertilizer nitrogen 
is typically to increase the yield of plant material. At low rates of 
fertilizer addition, the increase in yield may exceed the increase in 
nitrogen uptake so that the per cent nitrogen in the plant falls. 
Beyond a certain limit however, the increase in yield no longer keeps 
pace with the increase in nitrogen uptake so that the per cent nitrogen 


in the plant rises (Russell, 1950). As pointed out by Terman et al. 
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(1969), an increase in protein content occurs only when nitrogen is 
absorbed in excess of the vegetative needs of the plant. This 
explanation is in keeping with the view that delayed nitrogen appli- 
cation results in increased protein production, because application of 
nitrogen after the vegetative needs of the plants have been met would 
represent a pool of unassimilated nitrogen which could go directly 
into protein synthesis. Although late applications of nitrogen have 
been found to increase the protein content of grains, the effect on 
yield of grain has generally been less encouraging with reports of no 
yield increase or reduced grain yields accompanying late spring 
applications of nitrogen (Borkowski and Kozera, 1956). Hucklesby et 
al, (1971) working with short, stiff-strawed wheats found that split 
applications of nitrogen resulted not only in higher protein content 
but also in higher yield of grain. They suggest that their results 
contradict the commonly held view that grain yields and grain protein 
content are negatively correlated, an opinion that had its origin in 
the use of varieties of grain susceptible to lodging. 

To achieve maximum uptake of nitrogen by the plant it is 
important that sufficient nitrogen be available for plant needs through- 
out the growing season. The common practice of supplying nitrogen in 
a single dose at time of seeding is not consistent with this goal of 
maximizing nitrogen uptake. Rankin (1946) found that five sepanate 
applications of nitrogen were required to maximize total nitrogen 


uptake of spring wheat. 
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Form of applied nitrogen, whether ammonium- or nitrate-nitrogen, 
may also influences the seasonal uptake of nitrogen by plants. Gasser 
and Hamlyn (1968) found that wheat fertilized with (NHj,)2S0, continued 
to take up nitrogen from flowering to harvest, whereas when fertilized 
with Ca(NO3)o the wheat contained as much or more nitrogen at flowering 
than at harvest. Work by Hamid (1972) further supports the view that 
the seasonal uptake of ammonium- and nitrate-nitrogen differs. He 
found that three split applications of nitrate-nitrogen (seeding, 
tillering, bootstage) gave a significantly higher yield of wheat than 
a single application, while ammonium-nitrogen produced maximum yield 
when applied in two split applications (seeding, tillering). 

A wide variety of factors influence plant preference for either 
ammonium- or nitrate-nitrogen. The pH of the nutrient medium exerts a 
considerable influence on the relative utilization of ammonium- and 
nitrate-nitrogen. Neutral or alkaline reaction favours ammonium 
uptake, while in acid media nitrate uptake is favoured (Clark and Shive, 
1934; Nightingale, 1948). Spratt and Gasser (1970) have shown that soil 
moisture influences the relative effectiveness of ammonium- and nitrate- 
nitrogen in production of spring wheat. With adequate water, wheat 
produced the most dry matter (and grain) containing the most nitrogen 
when supplied with nitrate-nitrogen. However, when shortage of water 
limited growth, ammonium-nitrogen was as good or better Pian it rates 
nitrogen for increasing dry matter production and nitrogen uptake. 
Temperature also influences the relative uptake of ammonium- and 


nitrate-nitrogen. Frota and Tucker (1972) showed that nitrate-nitrogen 
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uptake by lettuce was influenced more by temperature than the absorp- 
tion of ammonium-nitrogen, resulting in an increase in the ammonium 
to nitrate absorption ratio as the temperature decreased. The stage 
of plant growth also influences the relative uptake of ammonium- 

and nitrate-nitrogen. In the early stages of growth of wheat a 
preference for ammonium-nitrogen often occurs, Parr (1967) and Spratt 
and Gasser (1970) attribute this early-season preference for ammoniun- 
nitrogen to the lack of a completely functional nitrate reductase 
enzyme system in young plants. Although a considerable amount of 
research has been directed towards proving that one form of nitrogen 
is superior to the other under a given set of conditions, it is often 
found that the best plant growth occurs when both ammonium- and nitrate- 
nitrogen are available (Naftel, 1930). 

The application of higher rates of nitrogen in the production 
of agricultural crops has substantially widened the area of concern 
over nitrate aecanale son in plants, because of the potential danger 
involved to humans and livestock from consumption of plants contain- 
ing high levels of nitrate-nitrogen (Case, 1957; Morris, 1958). 
Actively growing plants can absorb nitrate-nitrogen against concentra- 
tion gradients, which may result in the accumulation of nitrate-nitrogen 
within plants to levels several hundred times greater than that in the 
‘sbi solution (Gul and Kolp, 1958). Nitrate-nitrogen within the plant 
represents a reserve of unassimilated nitrogen which is readily trans- 
located within the plant from the roots and older tissues to the 
meristematic regions where demand for nitrogen is greatest (Nightingale, 


1948). Experiments involving periodic sampling of plants throughout 
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the growing season have shown that nitrate-nitrogen content first 

rises and then after reaching a peak about the prebloom ae declines 
as the plant matures (George Cy eM Mie pei treswelels) say vl 1962; Smith 
and Sund, 1965; and Streeter, 1972). When grain formation starts, the 
nitrogen subsequently absorbed from the soil and nitrogen from other 
plant parts enters into protein production of the grain (Russell, 
1950). 

Although authenticated instances of nitrate toxicity to live- 
stock are increasing in number it is often the case that abnormal 
local conditions often are implicated in the diagnosis of nitrate 
poisonings. For example, the report by Mayo (1895) of cattle poison- 
ing by nitrate was associated with a period of drought in Kansas, A 
great deal of research has been concerned with determining the factors 
which lead to the accumulation of nitrate-nitrogen in agricultural 
crops. Crawford et al.(1961) found that the factors which had a major 
influence on the concentration of nitrate-nitrogen in forages were: 
species, part of the plant, stage of maturity, light intensity, and 
level of nitrogen fertilization. Closely related species, varieties, 
kind of nitrogen fertilizer, and placement of nitrogen fertilizer 
were found to be secondary in importance to the level of nitrogen 
applied. Similarly, Baker and Tucker (1971) reported that rate of 
nitrogen fertilization and stage of maturity were important in the 
accumulation of nina eentirocen in forages. They also found nitrate 
accumulation to be a function of the rate of phosphorous fertilization, 


a deficiency of phosphorous resulting in increased levels of nitrate- 
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nitrogen in forage. Griffith and Johnston (1960) and Griffith (1958) 
reported that the accumulation of nitrate-nitrogen in grasses varied 
both with the species and strain of grass, Similarly, Ryan et al. 
(1972) found wide variations in the level of nitrate-nitrogen in 
perennial forage grasses. 

A great deal of controversy has arisen over the levdof nitrate- 
nitrogen in plants which is toxic to livestock. Unfortunately, a single 
value cannot be given, but rather depends on a number of contributing 
factors such as the diet, rate of consumption, and weight of the animal. 
In 1940, Bradley et al. established the lower limit of a’toxic hay at 
0.20 per cent nitrate-nitrogen (oven-dry basis). Reduced rates of gain 
or milk production, depressed appetite, abortion, and other maladies 
of cattle have been attributed to diets containing sublethal concen- 
trations of nitrate-nitrogen. Garner (1958) has set the maximum safe 
limit at 0.07 per cent nitrate-nitrogen if chronic or long term sub- 
lethal nitrate poisoning of cattle is to be avoided. Although findings 
reported in the literature are in general agreement with this range of 
0.07 to 0.20 per cent nitrate-nitrogen, there are reports that higher 
levels are required for an animal to be fatally poisoned (Davison et al., 
1964; Turner and Williams, 1970). 

Unlike ammonium-nitrogen any nitrate-nitrogen taken up by the 
plant must be reduced prior to its use in new protein synthesis. That 
nitrate reduction and organic nitrogen synthesis may occur in the roots 
of aren particularly perennials, is well known (Nightingale, 1937; 
Haas, 1937; Sanderson and Cocking, 1964a). Nitrate-nitrogen may also 


be reduced in the leaves of the plant by a light activated mechanism 
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closely linked with carbon dioxide reduction during photosynthesis 
(Hageman and Flesher, 1960; Sanderson and Cocking, 1964b). Engard 
(1939), working with raspberry, found that reduction of nitrate- 
nitrogen could occur not only in roots and leaves, but in all living 
cells of the plant. But nevertheless, the nitrate-reductase enzyme 
system may not reduce nitrate-nitrogen as quickly as it is taken up 
by the plant, therefore resulting in the accumulation of nitrate- 
nitrogen in plant tissue. 

Nitrification inhibitors may be of practical value in the pro- 
duction of field crops for a number of reasons. Use of inhibitors with’ 
ammonium fertilizers may lessen losses of fertilizer nitrogen by 
leaching and denitrification, because ammonium-nitrogen leaches and 
denitrifies much less rapidly than nitrate. In addition, the accumu- 
lation of nitrate-nitrogen in crops could be reduced if a nitrification 
inhibitor was used to stabilize ammonium-nitrogen in the soil. 

Thiourea, a sulfur containing organo~-nitrogen compound, was 
one of the earliest reported inhibitors of nitrification. Using the 
soil perfusion technique, Quastel and Scholefield (1949) found that a 
concentration of 25 ppm of thiourea in the perfusion liquid inhibited 
nitrification for a period of 16 days. Subsequently (1951) they showed 
that nitrification was completely prevented for 21 days with.a con- 
centration of 380 ppm of thiourea. Jaques et al. (1959) using the 
soil perfusion technique, reported that 1.6 x 2057 moles of thiourea 
per kilogram of soil (120 ppm thiourea) inhibited nitrification for 


about 20 days. McBeath (1962) found that exponential growth of 
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Nitrosomonas sp. and active nitrification could not occur until the 
concentration of thiourea in the perfusion liquid was reduced to less 
than 50 ppm. Using a direct determination of es McBeath also 
demonstrated that thiourea was readily decomposed in soil. 

Thiourea was recognized by early workers to be a specific 
inhibitor of the microbial system oxidizing ammonia to hydroxylamine, 
but nevertheless the exact mode of action of thiourea was not clear, 
Lees (1946) and Quastel (1965) reported that the inhibitory effect of 
thiourea was caused by immobilization of copper ions required for 
nitrification. Quastel and Scholefield (1951) found this explanation 
unsatisfactory because of the apparent lack of toxicity of thiourea to 
biological oxidations in animal cells. Campbell and Alleem (1965) 
reported that while the action of N-Serve[2-chloro-6-(trichloromethyl) 
pyridine} was indeed on the copper component of the cytochrome 
oxidase system involved in ammonium oxidation, the action of thiourea 
appeared to be a blocking of ammonium transport to Nitrosomonas cells. 
While addition of copper (6 x 10-4 M Cut’) completely reversed nitri- 
fication inhibition by N-Serve the same treatment was ineffective in 
reversing inhibition of nitrification by thiourea. McBeath (1962) 
noted that both N-Serve and thiourea inhibited nitrification by 
lengthening the lag period prior to exponential growth of Nitrosomonas 
sp. but N-Serve killed Nitrosomonas sp.,whereas thiourea did not. 

Aside from its use as a nitrification inhibitor thiourea has 
also been studied as a source of nitrogen and sulfur for plant growth. 


After incubating 540 ppm of thiourea (containing 200 ppm N) for 90 
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days Fuller et al. (1950) recovered 154 ppm of ammonium-nitrogen, but 
no nitrate- or nitrite-nitrogen,showing that ammonium released from 
thiourea had not nitrified. They also showed that thiourea (50 lb/acre) 
gave a larger increase in yield of field-grown barley than did (NH, )250),. 
Conrad (1940) investigated the retention of thiourea and other sulfur 
containing compounds by soils. He found that when 18 days of incu- 
bation occurred between addition of 120 ppm of thiourea and planting 

of green milo there was no evidence of toxicity of thiourea and a 
highly significant response to sulfur occurred. Hamlyn and Gasser 
(1967) studying the possible use of thiourea as a nitrogen fertilizer 
noted that high rates of thiourea mixed in the soil (1360 1b. thiourea 
per acre) inhibited nitrification of ammonia produced for up to 24 
weeks, From their work they concluded that thiourea may be a practical 
source of nitrogen for crops with a long growing season, provided that 
the price of thiourea was not too high. 

Use of a nitrification reece such as thiourea, may 
accentuate differences between ammonium-based and nitrate-—based 
fertilizers by protecting applied ammonium from the rapid nitrification 
it undergoes in most soils. In some areas of the U.S.A. and Great 
Britain application of a nitrification inhibitor has been found to 
improve over-winter conservation of fall-applied ammonium (Gasser, 
1965; Huber et al., 1969). Improved conservation with use of an 
inhibitor may be the result both of less leaching and less denitri- 
fication in the presence of ammonium as opposed to nitrate, Gasser and 


Hamlyn (1968) found that autumn-applied (NH,)2S0, increased early 
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season growth and nitrogen uptake of winter wheat before spring 
dressings were applied and that treating autumn-applied (NH, ) 250), 
with a nitrification inhibitor (N-Serve) increased growth and nitrogen 
uptake still further. Later growth and nitrogen uptake were increased 
more by spring dressings than by treated or untreated fertilizers 
applied in autumn, 

In studying the nitrogen nutritional status of plants as 
related to disease control, Huber and Watson (1972) reported that 
stabilization of fall applied ammonium—nitrogen with N-Serve prevented 
nitrogen loss and eliminated the rieed for spring fertilization thereby 
reducing the severity of Cercosporella foot rot of winter wheat. Huber 
et al. (1969) found that treating fall-applied (NH, )2S50, with N-Serve 
reduced nitrification and increased the yield of winter wheat more 
than fall-applied Ca(NO3)2. Even without the use of a nitrification 
inhibitor Devine and Holmes (1964) found that autumn-applied (NH), )2S0, 
resulted in higher average yields of winter wheat than did Ca(NO3)2, 
but spring dressings of both fertilizers increased yields 
most. Although autumn applications of nitrogen have generally been 
found to be less effective than the equivalent spring applications, 
Widdowson et al.(1961) point out that for winter cereals it may be 
desirable to apply some nitrogen in autumn to avoid the low responses 
sometimes obtained when no nitrogen is applied until late spring. 

Banding of ammonium-nitrogen either with the seed or beside 


the seed row has been shown to reduce the rate of nitrification. 


bérnsseht eto ones heaoitin bas ; 
sasiali dase sede a ee 
nite 
be afhela So swede Lene ltivdun dentin ots gation: 
ged pedroge't (SPSL) ane daW tno tad Lorine. seeeell Of 
badapvany srrse—tt iy iw aern Eaten mebtegre Lie: So 
qdered? nokinsifisie? sais 1) thon sri stanbakle Ain ar oagora 
sede .Jeerw qagdiv Ip for fod? sp tiwgeuies) 74 wesevon a saan 
avret-4 diy es( sha) bes inge-Tret sicisees' shill bec (UREA). a 
eiod deed tevaiw ts blety sid beesttoat fins mize Mindia beoutet 
gotéaptiérita eto esr ond: shoddy neve AHS bebinuenLlat ¢ 
itl ily iets Sei Sse (HBR), Soma tos eck wotlk a 
OOM bik mail) sosiw 19extW To oniaky ogevevs tedget mb becker ” a 
tileix, bresewsnt awsetittst dood to agnteneeb Ge ae 
rvs tay 200 agian 0 esretage mae SADA Pores 
carasreotinge patras snatselups act nats weisndlte weal wf oF | 
ed yan 3b elsiseo sepuby 361 Jerid tua tntag (49RE) de ae 
cesontina Wott: lowe moun nt morta, sme “aye 08 
a teh, ie eis etc te wie Sein 


-_ 


=e 


’y 


Larsen and Kohnke (1946) found that when (NHj,)2S0, was banded on the 
plow sole in autumn there was no appreciable nitrification during the 
winter months and no significant difference in yield of corn compared 
to spring applications of nitrogen. Gasser (1965) has also shown that 
band placement of (NH, ) 250), decreased nitrification and that addition 
of a nitrification inhibitor (N-Serve) enhanced this effect. 

Pang et al. (1973) noted that the maximum rate of ammonium 
oxidation of band-applied ammonium fertilizers took place near the 
edges of the band, and that nitrification of the fertilizers was more 
rapid in alkaline than in acidic Manitoba soils. In studying the 
effect of banded nitrogen RENCE CN on the growth of wheat roots, 
Passioura and Wetselaar (1972) found that the roots encompassed the 
fertilizer band in the case of urea, and thoroughly invaded it in the 
case of ammonium sulfate. From this work and from results of an 
earlier study, Wetselaar et al. (1972), they suggest that the 
efficiency of nitrogen use by wheat could be increased by banding 
nitrogen fertilizers because leaching of nitrate would be minimized. 

It is generally believed that ammonium-nitrogen is immobilized 
more readily than nitrate-nitrogen by soil micro-organisms (Alexander, 
1967; Jansson et al., 1955). For example, Jansson et al. (1955) 
showed that ammonium was utilized almost exclusively by microorganisms 
in the decomposition of oat straw when sufficient and equal quantities 
of ammonium- and nitrate-nitrogen were applied. Furthermore, Jansson 
(1958) has proposed that only a small part of soil organic matter is 


biologically active and that nitrate-nitrogen is outside the pathway 
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of the internal nitrogen cycle. This idea of a small active organic 
phase has been challenged by Broadbent (1966) on the basis that the 
remineralization of nitrogen freshly incorporated into the organic 
fraction proceeds at a very slow rate, The incorporation of some tagged 
nitrate-nitrogen into the organic fraction was also evidence that nitrate 
was not outside the pathway of the internal nitrogen cycle. Broad- 

bent and Tyler (1962) have demonstrated that nitrate-nitrogen can be 
immobilized to a considerable extent when this was the only form of 
nitrogen available to soil microorganisms. 

Tracer data presented by Broadbent (1962) have indicated that 
when tagged ammonium-‘or nitrate-nitrogen is added to soil there is 
almost immediately an increase in the mineralization of untagged nitrogen. 
In some cases the net release of nitrogen in the mineral form was found 
to exceed the quantity of nitrogen added. This stimulating effect of 
tagged fertilizer nitrogen on the release of untagged nitrogen was first 
reported by Broadbent and Norman (1946). Subsequent investigators 
(Bingeman et al, 1953) have referred to this phenomenon as a 'priming 
effect", Broadbent (1966) found that addition of ammonium-nitrogen 
resulted in a greater "priming effect" than did nitrate-nitrogen. This 
is another difference between ammonium- and nitrate- containing 
fertilizers and an area in which the use of a nitrification inhibitor 
may be of importance. 

Although a considerable amount of research has been concerned 
with comparing and contrasting ammonium-based and nitrate-based 


fertilizers in terms of plant uptake of nitrogen, yield of crops, and 
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fate of applied nitrogen in the soil, it is apparent that there are many 
areas of this subject that are not well understood. The complex nature 
of soil-nitrogen interactions makes investigation of any one facet of 
the nitrogen cycle a very difficult task. From the review of the 
literature it is evident that ammonium- and nitrate-nitrogen can affect 
the growth and quality of crops and transformations of nitrogen in the 
soil in quite different ways. Further understanding of these differences 
may be of value in increasing the efficiency of nitrogen used in the 


production of field crops. 
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METHODS AND MATERIALS 
A. Greenhouse Experiments 


Three pot culture experiments were conducted in the greenhouse. 
In these experiments the greenhouse temperature was allowed to vary 
between 18°C and o5c0. and a 16 hour photoperiod was maintained with a 
bank of fluorescent lamps which supplied a light intensity of approxi- 
mately 1200 foot-candles at the upper plant leaf surface. All pots 
were randomly rearranged on the greenhouse bench each week’ and allowed 
to approach wilting before watering to field capacity by weight. At 
the termination of each greenhouse experiment plants were harvested by 
cutting 0.5 inch above the soil surface, Plant material was dried to 
constant weight in an oven at 65°C to determine the yield of dry matter. 
Soils used in the greenhouse experiments, which were analysed for con- 
tent of NH) -N and NO3-N at the end of each study, were air-dried and 


then passed through a 0.25-inch sieve prior to analyses, 


1) The first pot culture experiment was conducted in the greenhouse 
to compare the growth and nitrate-nitrogen content of radish (Raphanus 
sativus) and spinach (Spinacea oleracea) when fertilized with ammonium- 
and nitrate-nitrogen. Radish and spinach were chosen because these 
plants are known to accumulate high concentrations of nitrate-nitrogen 
in their tissues (Barker et al., 1971; Brown and Smith, 1966). Spinach 


was grown in one series of the experiment and radish in a second series, 


lL 


. Ly a 


gier of Tawells eew eMtenrsqet ne csenen sean al 
& aliw bedtetniem sew boldaaodong tied OL » hs PRS has DBE mented 2a 
frome Yo yiianednk Mail £& belie aobriw eamel tnwsesmoult Yo Anat 

sjoy LIA .oostre ‘West vaste tent say Je cehbassedoo? OOSl ylotam 
bewatle be sisew Anas dondd sevoddests oft no begnetvees ylaokees sanv 


dA .tigdew ye Yitosyse blell od salitecaw ented gaision dssowgge ot , 

vd beyeevaed onéy adnslg Meniiegxe stnordesm, dies Yo attianheed od : 
of betah wav Ieivetem una .enelsss Sime ote aveds dank 2,0 gattews a 
,wodtem yuh ta bleiy offs ot bdwefeh of 0°?) se news me ot ciptew Insdemee 
00» “fat Beezlens stew dutilw ,eineniieqxe seuodneetg ony at beer elie’ i 


eis Bethe ihe otew \ybute dass to bee odd Je MapOl baw Keyl to Sunt 
jeeeylins of tobxg swale rztt-€6.0 s riquowit teeenq meds 


stipiiesyy off ni beJoulco> sew inembieyxte sunidus joq teekh ent { 
sured) tether Lo Inednoo niyert~etantia hos dike edd otaqnos OF 
—uitsonine Jib betlier naw (esneielo ngvemiae) dosnige dae (emebing 
Aegettin-wersin Yo eantsentevmno dpi efeiemumor of wool ow adnalg 
dang (280K Haine om mien : CFCC . le fe owe) exmets ated? ob 
.sehies Sanoee 6 ni efter ine iamatsogee ont To twa eno at mong asw 


io @ 7 


18 


The soil used in this experiment was the O to 6 inch depth of 
a recently broken Luvisolic soil (Cold Stream series) which had grown 
a grain crop the previous year. This particular soil was known to 
nitrify slowly, and was chosen for that reason. Treatments included: 
NaNO3 added at a rate of 0, 100, 200 and 400 ppm of nitrogen; and NH,,Cl 
added at a rate of 0, 100, 200 and 400 ppm of nitrogen. Each of these 
treatments was replicated twice, making a total of 32 pots in the 
experiment. Both NH,Cl and NaNO3z were applied in solution at the 
required concentration. Solutions of KH2P0, and NagS0, were added to 
each pot to supply 50 ppm and 20 ppm of P and S, respectively. The 
fertilizer solutions were mixed with iit kg. of soil and then each 
sample was placed in a sealed—bottom plastic pot which measured 5.5 
inches in diameter. 

Radish and spinach were thinned to 5 plants per pot after 
emergence. At the end of the experiment, 7 weeks after seeding, dry 
matter yield, and Hvpaeweniteegen content of radish and spinach top 


growth and of radish roots were determined. 


2) A second pot culture experiment was conducted in the greenhouse 
to determine the effect of band placement of (NH, )250), on nitrifi- 
cation and plant growth, and to determine whether addition of thiourea 
to the band of (NH, )2S0), would decrease nitrification without harming 
plant growth, The experiment consisted of one series of pots sown to 
radish (Raphanus sativus) and Galt barley (Hordeum vulgare), and a 


second series of pots left uncropped. 
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Two soils were used in this experiment: a Gleysolic soil from 
Calmar (Navarre Meadow); and a Luvisolic soil from Cooking Lake (Uncas 
series). A grain crop had been grown on both soils the previous year. 
The 0 to 6 inch depth of each soil was air-dried, passed through a 0.25- 
inch sieve, and mixed prior to potting. Main treatments were: no N 
(control); (NH, ) 250), mixed in the soil at.a rate of 100 ppm of nitrogen; 
and (NH, )250, banded in the soil at a rate of 100 ppm of nitrogen. 
Sub-treatments consisted of various rates of thiourea added with (NH), )2S0y, 
in the banded treatments. (NH,)2S50, was banded by placing the fertilizer 
in a straight row, approximately OC oeanchi Ong bye U8 Inch wide. an ve 
centre of the pot at a depth of 1.5 inches below the soil surface. 

This method of band placement was used to ensure that the concentration 
of (NH), ) 250), in the band of the potted soil was equal to that which 
would occur in band placement of (NHj),)2S50, in the field. 

Four hundred grams of soil was placed in plastic pots which 
were 4.5 inches ee ever and had no drainage holes, Solutions of 
KH2P0,, and Na2gS0, were added to each pot to supply 40 and 20 ppm of iy 
and S, respectively. Treatments were replicated 3 times for both the 
cropped and non-cropped series making a total of 42 pots in the ex- 
periment. 

After emergence, barley was thinned to 4 plants per pot and 
radish thinned to 6 plants per pot. At the termination of the experi- 
ment, 5 weeks after seeding, the dry matter yield of barley and radish 
was ies eee and soils of the non-cropped series were analyzed for 


content of ammonium- and nitrate-nitrogen. 
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oh A third greenhouse experiment was conducted to compare the 
effect of thiourea on nitrification of mixed and banded applications 
of (NH, ) 250), and urea, The experiment consisted of a non-cropped 
series and a second series to which Galt barley (Hordeum vulgare) was 
sown, 

The 0 to 6 inch depth of a Gleysolic soil from Calmar (Navarre 
Meadow) was air-dried and passed through a 0.25-inch sieve prior to 
potting. The soil had grown a grain crop the previous year. Main 
treatments of the experiment included: urea mixed in the soil; urea 
banded in the soil; (NHj,)2S0, mixed in the soil; (NH4)2S0, banded in 
the soil. These main treatments were split into a number of sub-treat- 
ments consisting of different rates of thiourea added with the urea 
and (NH,,)250,. In all treatments nitrogen, added either as (NHj,)2S0, 
or urea, was applied at a rate of 100 ppm of nitrogen. Other nutrients 
added were P and 5, at 40 and 20 ppm, respectively, as KH2PQ), and 
Na2S0). All chemicals were added in solution with the exception of 
(NH, ) 250, , foam and thiourea, of the banded treatments, which were 
applied in granular form, The banded treatments consisted of fertilizers 
placed in a straight row 0.5 inch long by 0.15 inch wide in the center 
of the pot 1.5 inches below the soil surface. Each treatment was 
replicated three times making a total of 78 pots in the experiment. 

The soil was placed in 5.5-inch diameter plastic pots of 1300 
¢.c,. capacity which had no drainage holes, After emergence, barley was 
thinned to 8 plants per pot. 


The experiment was conducted for five-week period from late 
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October to the end of November, 1972. Barley was thinned to 8 plants 
per pot after emergence. At the end of the experiment the dry matter 
yield of barley was determined, and the soils of the non-cropped series 


were analyzed for content of ammonium- and nitrate-—nitrogen., 
B. Field Experiments 


Field experiments were placed at three sites: on a Chernozemic 
soil at Ellerslie (Malmo silty clay loam); on a Luvisolic soil at Vilna 
(La Corey sandy loam); and on a Gleysolic soil at Calmar (Navarre 
Meadow clay loam). The legal locations and soil descriptions are given 
in Appendix 1. The purpose of these experiments was to compare the 
effect of ammonium-nitrogen and nitrate-nitrogen on the yield and nitrogen 
uptake of Galt barley (Hordeum vulgare), Span rape (Brassica campestris), 
and Pendek oats (Avena sativa). At Ellerslie and Vilna,rape and oats 
were both grown and at Calmar,barley was grown. The field studies 
included a comparison of fall and spring applications of (NH, )2S0O), and 
Ca(NO3 )2 for spring sown crops. Banding of nitrogen fertilizers in the 
spring was also compared to the more conventional mixed application. 
Another facet of the field work included the use of the nitrification 
niet vae ork thiourea, Earlier work in the greenhouse had shown that 
thiourea was particularly effective in inhibiting nitrification when 


banded in the soil with (NH), ) 250), or urea, 
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1, Experimental Design and Treatments 


Field experiments were set out in late acieseee 1971 in fields 
that had grown a grain crop in 1971. Main treatments included: no N 
(control); (NH),)2S0, mixed in the soil; Ca(NO3)> mixed in the soil; 
(NH), )2S0), banded in the soil; Ca(N03)2 banded in the soil; and (NH), )2S0), 
plus thiourea (50 lb. per acre) banded in the soil. In all cases 
nitrogen was applied at a rate of 100 pounds per acre, which included 
the nitrogen present in thiourea, The mixed applications of (NH), )250,, 
and Ca(NO3)2 were applied in the autumn of 1971 and in the spring of 1972, 
but the banded applications were applied only in the spring. The banded 
treatments consisted of the fertilizers placed in a band 2 inches to the 
side and 0.5 inch below the seed row at time of seeding. 

Individual treatments in the experiments were 6 feet wide and 
24 feet long and replicated three times in a Randomized Complete Block 
design. Treatments were split into two parts, each 6 feet by 12 feet. 
One portion was cropped during 1972 and the other portion was not 
cropped but instead soil sampled periodically for analysis of ammonium- 
nitrogen and nitrate-nitrogen content, The cropped portion of treat- 
ments at Ellerslie and Vilna consisted of eight rows spaced 9 inch 
apart. Oats and rape were sown in each row to give equal 6-foot 
lengths of each crop. 

At ES the cropped area of each treatment contained 8 rows 
of barley, each 12 feet long. All crops were, seeded with a single row 


hand-pushed seeder. Cropped portions of the experiments received 


22 


(hive ds a alton bios ica oa 
spect gt) box ; Liss edd ot Bobrad. ofc) 8) (ile snk at behead week gmt) 
neers (fs fl thea sto nf bebdtad (arse wey . dt OC) aden eubg 
tebyDont fotiw ,eens weg ahnling COL ates (s fo bellged aaw mage” 
{DSgh jh) t6 snoltisaliqgs texte wef sams bit cc triage, egomie elt 
MORE Mo Hatuye end. ak bas LPRE "hs ivettane est Be hetage stew of OA) tes 
babnad 4d? valiaua ed! at yfae Bebiggs etew ahetesobiqne balaad cate 


ents ot aeiint 5 pasd 6, af becielct areci (tis aid to bete hens ciouniaasy 
| ‘gnibese to wnts [be teereeune add waied doat ¢,0. bes ehte 

bas sbiw des) a (Siew cinemlusqve ody mi pinemesst Leu by dint 
do0f8 | 2éiqmol) hexlaapael aa Ba kd: varr bavadtiqes bra gael éac3. 48 
doe Sfiqi dash ¢ dese .efen ows ofa dtige orewiecnemRed?  sageeee 
Jot @ew nobwisg satlfa sai) bre STL antna aes av doddneg sad 
mines “to ebsylsne nol qlisotboine, Se fgnee Dine buatent tid begeerts 
nbéored 2 nehinog Beaghts ST  .Inetao7 osgoTtin-srawtin hie ORR 
iiead Pobesaye aWor diets td. betetann> Bnbil bor eller Li fa) eee 
doot-d ee a een area aJ00 ,@aege 
for Teas to adage 

sin aaa lair te Yo seve begyou odd ,semked JA 

wer eignts 2 ridin babows yorew: gon {fh .gitot 4982 SE rises \eluad to 


levdinses etamitnents offi to enokrteg Bagger .jebeea bedewqabesal 


blanket applications of P, K, and S at 80, 50 and 20 pounds per acre, 
respectively. Fertilizer sources were treble superphosphate and KS0), 


which were broadcast and worked in prior to seeding. 


2+ Soil Sampling 
In October, 1971 all sites were sampled to a depth of 3 feet, 


in 6-inch increments to a depth of 1 foot, and in l-foot increments 
below, before any nitrogen was applied. Hach soil sample was taken by 
combining five separate soil cores from each treatment. Fall-applied 
nitrogen treatments were soil sampled to a depth of 3 feet in May, 1972 
prior to spring fertilizer application and seeding. Soil in the non- 
cropped portion of the experiments was subsequently sampled in late 
June and mid-July to a depth of 1 foot, and at harvest time to a depth 
of 3 feet. Soil samples were spread in the greenhouse to air-dry and 
then ground to pass a 2-mm sieve in preparation for analysis of 


ammonium— and nitrate-nitrogen content. 


3.. Plant Sampling and Harvesting 


Plant samples of each crop were collected in late June and 
mid-July at the time that the soil samples were taken, These sampling 
dates corresponded with the end of tillering and the "boot stage" of 
growth of snes) respectively. At the late-June sampling period 20 
plants were collected from each treatment and in mid-July 15 plants 
were taken. The mid-season plant samples were dried at 65°C, weighed, 


and passed through a 20-mesh sieve in preparation for analysis. 
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The final harvest sampling of crops was in early September. 
Oats was harvested as greenfeed, while rape and barley were allowed to 
ripen fully before harvesting. Two 4-foot rows of rape and oats, and 
two 8.25-foot rows of barley were harvested from unsampled center 
rows of each treatment. The samples were placed in cotton bags, 
dried at 65°C, and weighed. Rape and barley were threshed to deter- 
mine seed yield. Representative samples of plant material including 
seed, straw, and forage, were passed through a 20-mesh sieve and placed 
in glass jars prior to analysis. Separate determinations of nitrate- 


nitrogen and total nitrogen were performed on all plant samples, 


C. Laboratory Procedures 


1. Extraction of Exchangeable Ammonium- and Nitrate-Nitrogen 


Ammonium=- and nitrate-nitrogen were extracted from soil and 
plant samples by shaking with 2 N KCl for 1 hour. For soil samples a 


1:5 ratio of soil to 2N KCl was used and for plant samples 200 ml. of 


_ 2N KCl were added per gram of plant material. 


2, Nitrogen Analysis 

a) Inorganic Nitrogen in Soil_and_Plant, Samples 
Exchangeable ammonium-nitrogen and nitrate-nitrogen in soil 
and plant extracts were determined using the steam distillation 
method outlined by Bremner and Keeney (1966). 


Total nitrogen of plant samples was determined by the 
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semimicro-Kjeldahl method (Bremer, 1965), using a Parnas—Wagner 
(1921) micro-Kjeldahl steam distillation apparatus. A number of 
minor modifications were employed. Instead of distilling all of 
the digestion mixture, the digest was brought to a volume of 100 
ml. and an aliquot steam distilled. With this modification only 

10 ml. of 1ON NaOH was required to make the digestion mixture 
sufficiently alkaline, and 0.005 N H2S0), was used instead of 0.01 N 


HoSO), instiuratzon of ther distiilate,. 


3. Field Capacity 


An estimate of field capacity for the soils used in the green- 
house experiments was made by placing 250 ce of soil into 13-inch 
diameter plastic cylinders and adding sufficient water to wet approxi- 
mately 3/4 of the depth of soil in the cylinder. The tubes were 
covered but not sealed to minimize evaporation yet allow free drainage. 
After 48 hours the 1.5 - 2.5 inch depth of soil was sampled for moisture 


determination. 


4. Routine Analyses 


The mechanical analysis of soil samples was carried out by the 
hydrometer method (Bouyoucos, 1962). Soil pH values were determined 
with a glass electrode pH meter using a 1:2.5 soil-water suspension. 
Organic matter content was estimated using the Walkley-Black method 


as outlined by Allison (1965). 
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RESULTS AND DISCUSSION 


A. Greenhouse Experiments 


Effect of Ammonium- and Nitrate-Nitrogen on the Growth and Quality 
of Plants 


Different nitrogen fertilizers have been found about equally 
effective in increasing plant growth at low rates of application. 
However, at high rates of application, plants often show a preference 
for one nitrogen fertilizer. This may occur because nitrogen is 
supplied in a form which is more readily used by the plant or because 
one nitrogen fertilizer is less toxic to the plant than another, 

Table 1 shows the results of a greenhouse experiment in which ammoniun- 
and nitrate-containing fertilizers were applied to radish and spinach 
at rates of 0,100, 200, and 400 ppm of nitrogen, Generally, differences 
in plant growth between treatments receiving NH,Cl and NaNO3 were 

less at low rates of applied nitrogen than at high rates. Increasing 
the rate of application of NH), Cl above 100 ppm of nitrogen resulted 

in a reduction in the dry matter yield of both spinach and radish 

tops. Growth of radish roots was also depressed at rates of NH,Cl 
above 100 ppm of nitrogen. However, when fertilized with NaNO there 
was not a significant reduction in the growth of spinach or of radish 
roots at the 200 ppm rate of applied nitrogen. Top growth of radish 
was not significantly depressed even at the highest rate of NaNO3 

(400 ppm of nitrogen). At all three rates of applied nitrogen the 


growth of spinach and both root and top growth of radish were greater 
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Table 1. Dry matter yield of spinach and radish grown 
with different rates of ammonium- and nitrate- 
nitrogen in a greenhouse pot experiment. 


rr 


Yield of dry matter (g/pot)* 


Rate of N Radish Radish 

Fertilizer (ppm) Spinach (top growth) (root) 
NH,C1 0 029357 0.76b Le tle ee: 
100 EBS a Ketel oe c L.02b 
200 Ts01b 02585 0.10a 

400 Onz2oa 0.09a 0a 

NaNO, 0 Oi iepe) Os PASH e) ihe eye he’ 
100 1.98e PAP aye 2eL0C 
200 1.67de 2.79e IZS8C 
400 ees OC 2.70e Ue go 


1 Average of 2 replicates 


* For each column values are significantly different (95% 
level of probability) when not followed by the same 
letter. 
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with NaNO than with NH,Cl. Spinach and radish top growth and radish 
root growth were significantly lower on the treatment which received 
400 ppm of nitrogen as NH,ClL than on the control treatment. However, 
there was not a reduction in growth of radish or spinach as compared 
to the control treatment when 400 ppm of nitrogen was applied as NaNO3. 
Top growth of radish was even greater on the treatment which received 
the highest rate of NaNO3 than on the control treatment. 

Accompanying the greater growth of spinach and radish with 
NaNO3 than with NH,Cl was a greater accumulation of nitrate-nitrogen 
in plants fertilized with NaNO3 (Table 2). When 100 ppm of nitrogen 
was applied as NaNO3 Spinach accumulated 14,800 ppm of nitrate- 
nitrogen, whereas at the equivalent rate of application of NH)Cl there 
was only 900 ppm of nitrate-nitrogen in spinach. At the 400 ppm rate 
of application of nitrogen, spinach accumulated 850 ppm of nitrate- 
nitrogen when fertilized with NH), Cl and 23,400 ppm when NaNO, was 
applied, Radish roots contained similar concentrations of nitrate- 
nitrogen at the 100 ppm rate of nitrogen, whether NaNO or NH,Cl was 
applied. The concentration of nitrate-nitrogen in radish tops and 
roots did not increase at rates of NH), Cl above 100 ppm of nitrogen, 
however when NaNO; was applied there was a noticeable increase in 
the accumlation of nitrate-nitrogen in radish roots and in the top 
growth of radish as the level of applied nitrogen was increased. At 
the highest rate of NaNO3 (400 ppm of nitrogen) the top growth of 
radish contained 31,000 ppm of re eee rogers Despite this ex- 


tremely high concentration of nitrate-nitrogen in the radish tissue 
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Table 2, Nitrate-nitrogen content of spinach and radish 
grown with different rates of ammonium- and 
nitrate-nitrogen in a greenhouse pot experiment. 


Rate of N 
Fertilizer (ppm) 


NHACL 0 


NaNO 


‘200 


400 


NO.-N. content (ppm) 172 

Spinach Radish Radish 
(top growth) (root) 

90 138 120 

B00 1,440 4,140 

701 817 4,070 

859 710 -- 

107 142 138 

14,800 ey SPAY 5 peG0 

157500 2277600 12,700 

23,400 317,200 187500 


1 Nitrate-nitrogen content expressed on an oven-dry basis 


2 Average of 2 replicates 


vol 
pas.hi 
002,41 


there was no pyiierce of growth depression on this treatment. 

This greenhouse experiment demonstrated a clear difference in 
plant response to ammonium- and nitrate-nitrogen. Plants showed a 
preference for nitrate-nitrogen at all rates of nitrogen application. 
This is in contrast to results of field experiments in which little 
or no difference has been found in the yield of crops at low rates of 
application of ammonium— and Pitre coer fertilizers (Power 
et al., 1972). Solution culture studies have, however, shown that 
ammonium depresses plant growth more than nitrate at high concentra- 
tions of nitrogen (Clark, 1936). In the present experiment, the greater 
plant growth with NaNO, than with NH,Cl at the low rate of application 
(100 ppm N) is of particular interest, because this rate of nitrogen 
(approximately equivalent to 200 lb. per acre of N) is only slightly 
greater than commonly used field rates and therefore implies that 
form of applied nitrogen might well be an important factor in field 
crop production, | 

Another important difference between plants fertilized with 
ammonium- and nitrate-nitrogen was the greater accumulation of 
Peretemritrceen in plants which received NaNO3. In contrast, 
Griffith and Johnston (1960) found that the form of applied nitrogen, 
whether ammonium- or nitrate-nitrogen, made little difference in the 
nitrate accumlation of rape. Crawford, st al. (1961) and Barker et 
al. (1971) also reported that form of applied nitrogen was not an 
important factor in nitrate accumulation in plants. Nyborg (personal 


communication) found that the soil used in the present greenhouse 
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experiment nitrified added ammonium-nitrogen very slowly (approxi- 
mately 10 ppm of ammonium nitrified in 4 weeks). Any differences in 
nitrate accumulation or plant growth from form of applied nitrogen 
would be more pronounced in such a slowly nitrifying soil than in 
other more rapidly nitrifying soils. 

The levels of nitrate-nitrogen which accumulated in spinach 
fertilized with NaNO3 were greater than levels commonly reported in 
the literature. For example, Barker et al. (1971) found that spinach 
contained 0.67 per cent nitrate-nitrogen when fertilized with NH),NO3 
at a rate of 200 ppm of nitrogen. Brown and Smith (1966) reported 
that radish accumulated the most nitrate-nitrogen of eight vegetable 
varieties tested. They found that radish contained 2.0 per cent nitrate- 
nitrogen when fertilized with 400 pounds per acre of NH), NO3 (approxi- 
mately 200 ppm N), which is similar to the level of nitrate-nitrogen 
which accumulated in radish in the present greenhouse experiment. Con- 
sumption of plants containing such high levels of nitrate-nitrogen 
could be fatal to humans and in particular to infants. In Germany, a 
number of cases of nitrate poisoning of infants have been reported 
from consumption of spinach containing high levels of nitrate-nitrogen 
(Simon, 1966). Indications are that there is little risk of nitrate 
poisoning of adult humans from consumption of high nitrate-containing 
leafy vegetables, but nevertheless continued attention should be given 
to the nitrate content of vegetables especially in relation to fertili- 


zation practices. 
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Inhibition of Nitrification of (NH) ) 250), Through Band Placement and 


Addition of Thiourea 

In order to compare plant growth with ammonium- and nitrate- 
nitrogen in soils some means must be found to inhibit the rapid 
nitrification which normally occurs when ammonium-nitrogen is added to 
the soil. Two methods which have been used to retard nitrification 
are: band placement of the ammonium fertilizer in the soil; and the use 
of a nitrification inhibitor. When the nitrification inhibitor 
is added to the band of ammonium fertilizer an even greater degree of 
control over nitrification should be possible. 

The effect on nitrification of banding (NH),)2S0, and adding 
thiourea to the band of (NHj)2S0), in two non-cropped soils is shown in 
Table 3. After the 5 week incubation period approximately 90 per cent 
of the mixed application of (NH), ) 250), had been nitrified in the 
Gleysolic soil while 78 per cent nitrification had occurred in the 
Luvisolic soil (per cent nitrification was calculated as per cent 
of applied nitrogen not recovered as exchangeable ammonium). Band 
placement of (NH, )250, significantly reduced the rate of nitrifica- 
tion compared to the mixed application of (NH,)2S0Q, on both soils. 
Addition of 5 ppm or 25 ppm of thiourea to the band of (NH,)250, had 
little effect in inhibiting nitrification beyond that of band-applied 
(NH), )2S0,. However, addition of 125 ppm of thiourea to the band of 
(NH, )2S0, significantly reduced nitrification on both soils as compared 
to the banded application of (NH, )250y. The control over nitrification 


which is possible through addition of thiourea to the band of (NH, )250, 
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was evident at the highest rate of application of thiourea. Addition 
of 600 ppm of thiourea to the band of (NH), )2S50, completely inhibited 
nitrification for 5 weeks in the Luvisolic soil, and on this treatment 
only 12 per cent of the added ammonium was nitrified in the Gleysolic 
soil. 

Plant response to banding of ammonium fertilizers and addition 
of thiourea will depend on plant preference for ammonium-nitrogen or 
nitrate-nitrogen, preference for banded nitrogen or mixed nitrogen, 
and the phytotoxicity of thiourea. The effect of band placement of 
(NH), )250), and addition of thiourea on the growth of barley and radish 
tops is shown in Table 3. Banding of (NHj,)250, depressed the dry- 
matter yield of radish on the Gleysolic soil, however on the Luvisolic 
soil there was little difference in the growth of radish when (NH), )250), 
was banded and when mixed in the soil. Growth of barley was also 
Similar on banded and mixed applications of (NH, )2S50), on the Gleysolic 
soil, while on the Luvisolic soil the dry matter yield of barley was 
greater with band-applied (NHj,)2S0, than with the mixed applications 
of (NH,,)2S0,. 

Rates of thiourea up to 25 ppm did not significantly depress 
the dry matter yield of radish or barley on the Gleysolic soil nor the 
yield of radish on the Luvisolic soil as compared to band-applied 
(NH, )2S50,. When 125 ppm of thiourea was added to the band of (NH, ) 250), 
barley growth was less than on the band applied (NH), )2S0), treatment, 
but still greater than on the control treatment. However, on both 


soils the dry matter yield of radish on the treatment which received 125 
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ppm of thiourea was not significantly different from the control 
treatment. At the 600 ppm rate of thiourea both radish and barley 
growth was seriously depressed, 

The results of this greenhouse experiment showed that the 
mavesolenvtirrticavion of (NH, )2S0), could be reduced through band place- 
ment of the fertilizer in the soil. The lower nitrification of banded 
than of mixed applications of (NH, )2S0) has also been demonstrated by 
other workers (Larsen and Kohnke, 1946; Gasser, 1965). Except for 
radish grown on the Gleysolic soil, the growth of radish and barley was 
similar when (NH,)250, was banded and when mixed in the soil. This ts 
not in agreement with work of Gasser (1965) who found that growth of 
ryegrass was better with mixed than with banded (NH, )2S0, . 

Addition of 125 ppm of thiourea to the band of (NHj,)2S0, was 
found to reduce the rate of nitrification of band-applied (NH), )2S0) . 
Rates of thiourea greater than 125 ppm have generally been reported 
necessary to inhibit nitrification of (NH,)250,. For example, Hamlyn 
and Gasser (1967) found that 1360 1b. per acre of thiourea (roughly 
equivalent to 680 ppm) was required to inhibit nitrification when 
mixed in the soil. Im the present experiment addition of 125 ppm of 
thiourea to the band of (NH), )2S0,, depressed the growth of radish and 
spinach. To the author's knowledge there have been no other reports 
dealing with the range of toxicity of thiourea to plants when banded 
with (NH,)2S0, in the soil. However, Beaton et al. (1967) have reported 
that growth of orchardgrass was depressed when 320 ppm of thiourea was 
mixed in the soil, The results of this greenhouse experiment provided 


information regarding the nitrification of (NH,,)2S0, which was useful 
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in selecting treatments to be used in subsequent field and greenhouse 


experiments. 


Inhibition of Nitrification of Urea Through Band Placement and 
Addition of Thiourea 


The use of urea in the production of field crops is presently 
increasing, and urea will probably be one of the major sources of 
fertilizer nitrogen in the future. When urea is added to the soil it 
is rapidly hydrolyzed to ammonium which is subsequently oxidized by 
soil microorganisms to nitrate-nitrogen. The preceding greenhouse 
experiment indicated that band placement of (NHj;,)2S50, reduced the rate 
of nitrification of this fertilizer and that addition of thiourea to 
the band of (NH, )250, enhanced this effect. It was of interest then to 
determine if these methods of inhibiting nitrification would be effective 
in reducing the rate of nitrification on ammonium formed on hydrolysis 
of urea. 

A pot culture experiment was set up consisting of two series: 
one set of potted soils was sown to Galt barley (Hordeum vulgare) ;and 
a second series was not cropped but instead analyzed for ammonium- and 
nitrate-nitrogen content at the end of the experiment. The results of 
this greenhouse experiment are shown in Table 4. When urea and (NH), )2S0), 
were mixed in the soil there was almost complete nitrification of both 
fertilizers after 5 weeks. When applied in a band however, only 50 per 
cent of (NH, ) 250, was nitrified and approximately 80 per cent of band- 
applied urea was nitrified (per cent nitrification was calculated as 


per cent of applied nitrogen not recovered as exchangeable ammonium) . 
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Table 4. Effect of band placement and addition of thiourea 
on nitrification of (NH,) SO, and urea and dry 
matter yield of barley on a Gleysolic soil 
in the greenhouse. 

Mineral-~N remaining 
Method in non-cropped soil 
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of after 5 weeks (ppm) Yield of dry 

Treatment Application NEJ-N NO3-N Matter (g/pot) 

Control — a Si 0.64ab 

Urea mixed 2a* 70 1.19e 

(NH,) SO, mixed Sab 58 1l.llde 

Urea banded 22abcd 50 0.77ab 

(NH) SO, banded 47de 25 0.95cd 

Urea + 10 ppm banded 5lef 15 0.79be 
thiourea ’ 

Urea + 20 ppm banded 56ef 7 0.79bc 
thiourea 

Urea + 40 ppm banded 65efg af 0.60a 
thiourea 

(NH229°0,,7 29° “banded 6309 6 0.67ab 
ppm thiourea 

Urea + 10 ppm mixed 7abe 70 1.19e 
thiourea 

Urea + 20 ppm mixed Sab 72 1.17e 
thiourea 

Urea + 40 ppm mixed 8abe 72 1.03de 
thiourea 


One ea ede teeise 59 1.09de 


ppm thiourea 


- Net amount: NHI-N (2 ppm) and NO3-N (29 ppm) in control 


treatment has been deducted. 


* For each column values are significantly different (95% 
level of probability) when not followed by the same 
letter. 


NOTE: For all treatments (NH, )2S0), and urea applied at a rate of 
100-ppm of N, 
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Addition of only 10 ppm of thiourea to the band of urea 
resulted in recovery of ammonium-nitrogen equal to that of band- 
applied (NH,,)250,. Higher rates of thiourea included in the band of 
urea inhibited nitrification of urea slightly more than the 10 ppm 
rate of thiourea. When 40 ppm of thiourea was added to band- 
applied (NH, )250, and to band-applied urea, approximately 65 per cent 
of the applied nitrogen of both fertilizers had not been nitrified 
after 5 weeks. Thiourea was ineffective in inhibiting the nitrification 
of mixed applications of (NH,)2S0, and urea, ven when 40 ppm of 
thiourea was applied there was not a significant reduction in the 
nitrification of either fertilizer. 

Growth of barley was similar on treatments which received mixed 
applications of (NH,)2S0, and urea, and addition of thiourea to these 
treatments did not depress barley growth. As well, yield of barley was 
not significantly reduced by addition of thiourea to the band of urea, 
even at the highest rate of application (40 ppm). However, 40 ppm of 
thiourea added to the band of (NH), 250), resulted in a lower yield of 
barley than on the band- applied (NH),)2S0, treatment which received no 
thiourea. Dry matter yield of barley was greater on the treatment in 
which (NH), ) 250), was banded than on the band-applied urea treatment. 

This greenhouse experiment provided additional information 
regarding the nitrification of (NH, ) 250), and showed that thiourea was 
effective in reducing the nitrification of urea when banded in the 
soil. Of particular interest was the decrease in the rate of nitrifi- 


cation when only 10 ppm of thiourea was added to the band of urea. This 
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concentration of thiourea is much lower than levels which have pre- 
viously been reported necessary to control nitrification (Hamlyn and 
Gasser, 1967). In this experiment there was no benefit to plant 

growth when the rate of nitrification was reduced through the use of 
thiourea. However, under field conditions increased crop yields would 
be expected from addition of thiourea, because less nitrogen would be 
present in the nitrate form which is more readily lost through leaching 
than is ammonium-nitrogen. This experiment showed that thiourea was 
much less efficient in reducing the rate of nitrification of urea 

when mixed in the soil than when banded with urea. The high concentra- 
tion of thiourea required to inhibit nitrification when mixed in the 
soil has been a major factor limiting the use of this compound, This 
has occurred because at these high rates of application thiourea has 
been found to be toxic to plants (Fuller et al., 1950). The results 

of this greenhouse experiment indicate that this problem can be cir- 


cumvented by placing thiourea in direct contact with urea in the soil. 


B. Field Experiments 

Often there is little difference in the yield and quality of 
field crops which receive ammonium-based and nitrate-based fertilizers 
(Power et al., 1972). However, applied ammonium is usually oxidized 
rapidly to nitrate in soils, and consequently crops fertilized with 
ammonium=nitrogen may nevertheless feed largely on nitrate, When 
applied ammonium nitrifies slowly (as with the use of an effective 
nitrification inhibitor) differences between ammonium-based and nitrate- 


based fertilizers may then become apparent. 
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The aeneuee experiments had shown that band placement and 
use of thiourea reduced the rate of nitrification of both urea and 
ammonium sulphate. The greenhouse experiments also showed that 
plants grew better with nitrate, but concomitantly accumulated very 
high levels of nitrate in their tissue. At the same time,high rates of 
thiourea were toxic to plants in the greenhouse. Coroeniot field 
experiments were undertaken at three sites to find if thiourea was an 
effective nitrification inhibitor under field conditions, and also 
to find the effect of a nitrification inhibitor on the yield and 
quality of several crops in the field. The field experiments were 
concerned, as well, with a comparison of fall and spring applications 
of ammonium—based and nitrate-based fertilizers, with the hypothesis 
that ammonium would over-winter better than nitrate because ammonium 
is less subject to leaching and denitrification, 

The three field experiments consisted of non-cropped portions 
used for periodic soil sampling to determine amounts of ammonium- and 
nitrate-nitrogen in different treatments, and consisted as well of 
cropped portions used in periodic sampling of crops for determination 


of yield and nitrogen content. 


Recovery of Nitrogen Fertilizers in Non-Cropped SOL. 


In western Canada, fall-applied nitrogen fertilizers may over- 
winter well because of little leaching or denitrification during the 
winter season when the soil is deeply frozen, Little difference may 


be expected in the recovery in spring of ammonium- and nitrate- 
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containing fertilizers if applied early enough in the fall for nitrifi- 
cation of ammonium-nitrogen to occur. However, if fertilizers were 
applied late in the fall just before freeze-up, some differences in 
recovery between ammonium- and nitrate-containing fertilizers might 
then occur. 

Table 5 shows the recovery of mineral nitrogen in late May, 
1972 from Ca(NO3 )o and (NH, )2S0,, applied in late October, 1971. At 
the Calmar site there was little difference in the recovery of nitrogen 
in late May from fall applications of (NH), )2S0, and Ca(NO3)>. At the 


Ellerslie and Vilna sites over 90 per cent of the nitrogen applied the 


previous fall as (NHj,)2S0, was recovered the following spring. Recovery 


of fall-applied Ca(NO3)2 at the Vilna site was slightly less than 
recovery of (NH), )2S0,, . At Ellerslie, only 48 per cent of fall-applied 
Ca(NO3)2 was recovered the following spring as compared to 95 per cent 
recovery of fall-applied (NH, )2S0, . 

Treatments receiving the fall-applied fertilizers were sampled 
four months later, in September (Table 5). At the Ellerslie site, 
recovery of nitrogen from fall-applied ( NHj, )250y, increased from 95 per 
cent in May to 135 per cent in September, while recovery of fall- 
applied Ca(NO3 )2 increased from 48 per cent in May to 146 per cent in 
September. 

At the Vilna site there was little change in the recovery of 
the fall-applied nitrogen fertilizers during the summer months, 
Recovery of nitrogen in the Gleysolic soil at Calmar demonstrated 
quite a different pattern than at Ellerslie and Vilna. While recovery 


of nitrogen from fall-applied (NH, )2S0, dropped from 77 per cent in 
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Table 5. Recovery in non-cropped soil in May of (NH, )2S0, and Ca(NO3)>5 
applied the previous fall, 


Apparent per cent of fertilizer - N recovered 
in top 36 inches of soil 


Fertilizer Ellerslie Calmar Vilna 
(NH, )>S0), 95b" 77a 92a 
*Ca(NO3)2 48a 85a Tha 


* Both fertilizers applied at a rate of 100 lb. N/acre. 


* For each colum values are significantly different (95% level of 
probability) when not followed by the same letter. 


i Net amount: NHj~ and NO3-N content of control treatment has 
been subtracted, 


Table 6. Recovery in non-cropped soil in September of fall and spring 
applications of (NH, ) 250), and Ca(NO3)2. 


Apparent per cent of fertilizer -N 


recovered in Bobbys 1972 in top 
Time of 36 inches of soil 
fertilizer 
application Fertilizer Ellerslie Calmar Vilna 
October, 1971 %( NH, )250), 135 Be ans 
%Ca(NO3)2 146 66 ai, 
May, 1972 %( NH), )250), 124 45 62 
*Ca(NO3)2 184 9k 136 


* Fertilizers applied at a rate of 100 lb. N per acre. 


oe 


Net amount: NH} - and NO3-N content of control has been subtracted. 
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May to 32 per cent in September, the recovery of Ca(N03)2 decreased 
only from 85 per cent in May to 66 per cent in September. 

The lower recovery of nitrogen in the spring from fall~applied 
Ca(NO3)2 than from fall-applied (NH), )2S0, at the Ellerslie site cannot 
be explained as leaching or denitrification of the nitrate, because by 
September the Ca(NO3)2 treatment contained more mineral nitrogen than 
the (NH, )2S0), treatment. Instead the Ca(NO3)o must have been immobi- 
lized more than was (NH), )2S0y, . This stands quite contrary to the con- 
ventional view that ammonium is more rapidly immobilized than is 
nitrate-nitrogen (Janssan, 1955). Fall-applied Ca(NO3)2 also undergoes 
more intensive remineralization than fall-applied ammonium, because 
more than 100 per cent of the applied nitrate was apparently recovered 
by fall. The changes with time in mineral nitrogen recovery at the 
Ellerslie site were larger than those at the Vilna and Calmar sites. 

The immobilization and remineralization of fall~applied 
fertilizers during the summer months at the three field sites is shown 
in Figures 1, 2, and 3, (values in the three figures were calculated 
as content of NH} - plus NO3-N in the top 12 inches of soil on fertilized 
treatments as compared to the control treatment, and therefore do not 
include applied mineral nitrogen that moved below the surface 12 inches 
of soil). The Figures illustrate that Ca(NO3)2 as compared to 
(NH, )250, is first more subject to immobilization but then remineral- 
izes rapidly toward the end of the season, 

A comparison of nitrogen reecvene in September from spring- 
applied (NHj,)2S0, and Ca(N03)2 is shown in the bottom-half of Table 6. 


Two important differences between the recovery of fall and spring 
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applications of (NH, )2S0), and Ca(NO3)o were apparent: recovery of 
spring-applied Ca(NO3 )2 was greater than recovery of fall-applied 
Ca(NO3)o3 and recovery of spring-applied Ca(NO3)> was greater than 
recovery of spring-applied (NH, )250y,. At the Ellerslie and Calmar 
sites,recovery of (NH), )2S0), was rather similar whether applied the 
previous fall or in the spring. However, at the Vilna site recovery 
of fall-applied (NH, ) SO, exceeded the recovery of spring-applied 
(NH, ) 280, . 

The apparent recovery in September of 184 per cent of spring- 
applied Ca(NO3) (Table 6) was evidence that the "priming effect" had 
occurred on this treatment at Ellerslie. The priming effect was also 
apparent at Vilna where 136 per cent of spring-applied Ca(NO3)2 was 
recovered in September. It is generally believed that the stimulating 
effect of fertilizer nitrogen on the release of native-soil nitrogen 
("priming effect") occurs more readily with ammonium- than with nitrate- 
nitrogen (Broadbent, 1965), however the results at Ellerslie and Vilna 
support the opposite view, 

When ammonium-based fertilizers are added to the soil they 
are rapidly oxidized by the nitrifying bacteria to nitrate-nitrogen. 
In order to delay nitrification of (NH,)250, in the field experiments, 
two methods were used: (NH), ) 250), was banded in the soil; and thiourea 
was added to the band of (NH), ) 250), . The effect of these two methods 


on the nitrification of (NH, )2S0), at Ellerslie, Calmar and Vilna 
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is shown in Table 7. Five weeks after application most of the mixed ' 
(NH, )2S0, had undergone nitrification at all three field oie whether 
applied the previous fall or in the spring. The almost complete nitri- 
fication of mixed ammonium is shown by the low ammonium-nitrogen content 
of those treatments and by the relatively high "apparent per cent of 
applied ammonium nitrified" (this later figure was calculated by express- 
ing the increase in nitrate content of the top 12 inches of ammonium 
fertilized treatments as a percentage of the total amount of ammonium 
applied). 

At all three sites, band application of ammonium greatly reduced 
the rate of nitrification of ammonium at 5 weeks after application. 
Banded ammonium, as compared to mixed ammonium (ammonium banded in the 
spring as compared to ammonium mixed in the spring) had at 5 weeks a 
higher ammonium content and a much lower "apparent per cent nitrifi- 
cation", On the basis of the "apparent per cent of applied ammonium 
nitrified" a reduction in nitrification lasted for at least 8 weeks at 
the Ellerslie site and for at least 16 weeks at the other two sites 
(Table 7). 

Addition of thiourea to banded (NH), )2S0,, further decreased 
nitrification (Table 7). At the Ellerslie site, addition of thiourea 
had an effect for at least 8 weeks as evidenced by increased ammonium- 
nitrogen content and decreased “apparent per cent of applied ammonium 
nitrified"., Even after 16 weeks there was still some effect from 
addition of thiourea. Additional control over nitrification by adding 
thiourea to the band of (NH), )2S0,, was also evident at the Calmar and 


Vilna sites, but the effect was not as great as at the Ellerslie site. 
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Results of Table 7 indicate that banding of (NH,)2S0,, and 
especially addition of thiourea to banded (NH), )2S0), is effective in 
inhibiting nitrification of the majority of applied ammonium throughout 
most of the growing season, However, the results for banded (NH), )2S0), 


and for banded (NH), ) 250), plus thiourea may be somewhat inaccurate. 


For those two treatments the mineral nitrogen found in the soil accounted 


for only one-half or less of the applied ammonium at the Calmar and 
Vilna sites, It is possible that banded (NH,)250, may have been more 
subject to immobilization than mixed (NH), ) 250). More probable however, 
the low recovery of banded (NH), )250), was a relic of the sampling metnee 
used on the banded treatments. The banded treatments were sampled by 
taking separate 2-inch wide cores directly through the band of ferti- 
lizer and 2-inch wide cores exactly between the bands of fertilizer 
which were spaced 9 inches apart, and the amount of ammonium- and 
nitrate-nitrogen in pounds per acre was then calculated by assuming no 
transition zone of mineral nitrogen concentration, If the band of 
fertilizer was wider than the core taken, then the calculated amount of 
amnonium—-nitrogen recovered and the "apparent per cent of applied 
ammonium nitrified would be an under-estimate. 

In view of the uncertainty of the calculation of ammonium- and 
nitrate-nitrogen in the banded treatments, another method of assessing 
the effect of thiourea on nitrification was used. The concentration of 
mineral nitrogen in the 2~inch wide core (6 inches deep) taken directly 
through the band of fertilizer was compared to the mineral nitrogen 


content of the similar core taken directly between the fertilizer 
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bands. Results are shown in Table 8 for sampling of banded treatments 
at 16 weeks, and there compared to unfertilized treatments and treat- 
ments receiving (NH, ) 250), mixed into the soil. At all three sites, 
ammonium content of bands of (NH, ) 550, were much higher than soil taken 
between the bands, or soil taken from treatments receiving mixed 

(NH, )2S0,. In addition, (NH, )250, banded with thiourea contained two 
to three times as much ammonium as did the (NH,)250, banded without 
thiourea. These results demonstrate that band application of (NH, )2S0, 
and more so, the addition of thiourea to banded (NH, )250), to some degree 
reduced the rate of nitrification for at least 16 weeks. 

The control over nitrification in the field experiments through 
band placement of (NH, )250), and addition of thiourea to the band of 
(NH), )250, confirms the earlier results obtained in the greenhouse. 
Banding of (NH), ) 250), was slightly more effective in inhibiting nitri- 
fication in the greenhouse than in the field. This would be expected 
because the rate of application of (NH, ) SO), in the greenhouse was 
approximately twice that used in the field, and with the higher salt 
concentration in the band the rate of nitrification would be less. 

When (NH, ) 250, was banded in the soil in the fall of the year at a 
rate of 100 lb. of nitrogen per acre at two field sites, Gasser (1965) 
recovered 10 ppm and 25 ppm of ammonium-nitrogen in the band the 
following spring (approximately 16 weeks later). Similar recovery of 
ammonium-nitrogen occurred in the present field experiments in which 
(NH, )2S0, was applied in the spring at time of seeding. 


Other workers have demonstrated that thiourea inhibits 
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Table 8. Effects of band placement and addition of thiourea (50 lb. per acre) 
on nitrification of (NH), ) 250), after 16 weeks in three non-cropped 
Alberta soils. 


Time of ppm N in top 6 
fertilizer Where inches of soil 
Site application Treatment sample taken NH] -N NO,-N 
Ellerslie - Control Z BS 
Fall (NH, )2S0,, mixed S 8h 
Spring (NH), )250) mixed 3 82 
(NH, )2S0), banded in band avn 99 
between band 3 719 
(NH), )250), as in band Al 80 
thiourea banded between band 2 55 
Calmar ~ Control 2 28 
Fall (NH), )2S0), mixed 2 56 
Spring (NH), )250), mixed 2 58 
(NH), )250, banded in band 13 55 
between band 4 35 
(NH), ) 250), + in band 2h 9 
thiourea banded between band h 29 
Vilna - | Control 5 30 
Fall (NH), )2S0), mixed 6 84 
Spring (NH), ) 250), mixed 4 82 
(NH, ) 250), banded in band 21 56 
between band 5 32 
(NH, )2S0 + thiourea in band 36 47 
banded between band 3 35 


ee a a 


NOTE: For all treatments nitrogen applied at a rate of 100 lb. per acre, 
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nitrification when mixed in the soil (Hamlyn and ee 1967; 

Fuller et al., 1950). However, the high rates of applications of 
thiourea required to inhibit nitrification when mixed in the soil may 
result in toxicity to plants. The greater control over nitrification 
when thiourea is banded with ammonium fertilizers than when mixed in 


the soil overcomes this problem of phytotoxicity. 


Yield of Field Crops 
At the Ellerslie site the growth of rape on the fall-applied 


Ca(NO3 ). treatment (Table 9) corresponded with the level of mineral 
nitrogen in the soil at different times of the growing season (Figure 
1). In June, when the soil content of mineral nitrogen was low the 
growth of rape was also low. However, as nitrogen was remineralized 
later in the season the dry matter yield of rape increased and at 
harvest time in September there was no difference in the yield of rape- 
seed between the fall and the spring application of Ca(NO3)o. Fall- 
applied (NH, )250), was immobilized less than fall-applied Ca(NO3)2 which 
was apparent in the greater growth of rape on the fall-applied ammonium 
treatment in June. By September there was little difference in the 
yield of rapeseed from the two fall-applied fertilizers. 

In July, the dry matter yield of rape was greater when Ca(NO3)2 
was banded in the soil.than when mixed, however by September there was 
little difference between these treatments in the yield of rapeseed. 
This preference for banded nitrate Bieta ciered at the Vilna site. 


Band placement of (NH, )2S0), also resulted in better growth of rape in 
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Table 9. Growth of rape at different times of the growing season 
on nitrogen treatments at Ellerslie and Vilna. 


dipmiver (one 
Fertilizer 


application Treatment 


Method of 


eae Control aie 
Fall Ca (NO), mixed 
(NH,) 5SO, mixed 
Sp iLuG Ca(NO,), mixed 
Ca(NO,), banded 
Spring (NH,) ,SO, mixed 
(NH,) 5SO, banded 
(NH, ) >SO,+ 
thiourea banded 
(5. 0p bb os/: 
acre) 


Yield of rape 


Ellerslie 
application June* July* Sept.+Sept.+ 
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* Yields of dry matter in grams per portion of row. 


+ Yields of rapeseed in cwt/acre. 


NOTE: For each column values are significantly different 
(95% level of probability) when not followed by 


the same letter. 


Bo,E€L 


ds#.et 
6£.aL 


dsé .0¢ 
of Ves 


av.bt 
daft .e@L 


od@ .é2& 


o$.2 saot 


odt.af dVIs 
G@@,EL od@bs 


pads .3f 20s 
ofesBI obLe 


odé,al oclatTe 


30,88 Sct 


ods.82 dBcs 


55 


July than the mixed application of (NH), )250,. Adding thiourea to 
the band of ammonium depressed the growth of rape in June and July at 
Ellerslie, but at harvest time in September the yield of rapeseed was 
as great as on the treatment which received ammonium alone. At the 
Vilna site, the yield of rapeseed was even slightly greater when 
thiourea was added to the band of ammonium, 

The growth of oats was less responsive to the different times 
and methods of application of Ca(N03)o9 and (NH), ) 250), than was rape 
(Table 10). Fall applications of (NH), )2S0), and Ca(NO3)9 resulted in 
similar dry matter production of oats in June and July even though the 
level of mineral nitrogen was mich less on the fall-applied nitrate 
treatment (Figure 1). By September the yield of oat forage was 
greater from fall-applied ammonium than from fall-applied nitrate. 
Apparently the remineralization of fall-applied nitrate did not supply 
sufficient nitrogen in the period from July to September, because it 
was at this time that growth of oats was depressed most on the fall- 
applied nitrate treatment. Spring applications of Ca(NO3)o and 
(NH, )2S0,, were equally effective in increasing the growth of oats 
throughout the season, and band placement of the fertilizers had no 
effect on the yield of oats compared to the mixed applications. Addition 
of thiourea to the band of ammonium slightly depressed the growth of 
oats early in the season at Ellerslie, however by September the yield 
of oat forage was the same as on the treatment in which ammonium was 
banded alone. 

Barley grown at the Calmar site showed a somewhat different 


pattern of growth on the various nitrogen treatments than did oats 
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and rape (Table 11). Like rape, the growth of barley was lower in June 
from fall-applied Ca(NO3)o than from fall-applied (NH), )2S0) . This 
difference was still apparent in July, however by September the yield 
of barley grain was only slightly lower from fall-applied nitrate 

than from fall-applied ammonium. Spring applications of Ca(NO3)o and 
(NH), )2S0), were equally effective in increasing the midseason growth and 
the yield of barley grain. Band placement of ammonium and of nitrate 
depressed the growth of barley in June, but there was little difference 
between mixed and banded fertilizers in July and at harvest time in 
September, Addition of thiourea to the band of ammonium resulted in 
slightly lower dry matter production of barley in June and July. By 
September there was no longer any reduction in the yield of barley 
grain when thiourea was added to the band of ammonium, 

The effect of different times and methods of application of 
ammonium- and nitrate-nitrogen on the mineral nitrogen content of the 
soil was reflected to some degree in the yield of field crops. Res- 
ponse of the three crops to the various treatments often varied 
because of preference for either ammonium or nitrate-nitrogen, 
preference for banded and mixed applications of these nitrogen forms, 
and differences in the nitrogen requirements of each crop at different 
times during the growing season. Fall and spring applications of 
(NH), )2S0,, were about equally effective in increasing the yield of all 
three field crops. At Rothamsted Experimental Station in Great 
Britain, Widdowson et al. (1961) found that spring-applied (NH), ) 250), 


gave a higher yield of winter wheat than (NH, ) 250, applied in autumn, 
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The similar crop yields from spring and fall applications of (NH), )2S0), 
in the present field experiments may be attributable to the low levels 
of rainfall and the cold winters in central Alberta, which would limit 
the nitrification of fall-applied (NH, )2SO), and the subsequent leaching 
of nitrate-nitrogen from the upper soil horizons. Fall application of 
Ca(NO3 ) 2 generally resulted in lower yields of oats and barley than 
did the spring application of Ca(NO3)2. Early season growth of rape 
was also low with fall-applied Ca(NO3)o, however in September the 
yield of rapeseed was similar whether Ca(NO3 )2 was applied in the fall 
or in the spring. This pattern of growth of rape on the fall-applied 
Ca(NO3)2 treatment corresponded with the level of mineral nitrogen in 
the soil at different times during the growing season, 

There was little difference in the yield of oats or barley 
when the nitrogen fertilizers were mixed and when banded in the soil, 
but the growth of rape was generally greater when these fertilizers 
were banded in the soil. The preference of rape for banded Ca(NO3 )2 
is surprising because one would expect Ca(NO3)2 to diffuse from the 
band soon after placement of the fertilizer in the soil. A possible 
explanation for the better growth of rape when Ca(NO3)> was banded 
than when mixed in the soil is that less nitrate-nitrogen would be 
immobilized when placed in a band, thereby increasing the availability 
of nitrate-nitrogen for plant growth. 

Addition of thiourea to the band of (NH), ) 250, depressed the 
growth of all crops early in the season, however there were no visible 
signs of toxicity of thiourea to the plants at the rate of thiourea 


used in these field experiments (50 lb. per acre). While thiourea did 
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reduce the rate of nitrification of (NH, )80), there was not an increase 
in the yield of oats or barley associated with the use of thiourea, 
In western Canada one would not expect thiourea to increase crop yields 
when applied in the spring, because the amount of nitrate-nitrogen lost 
through leaching is normally very low during the summer. Thiourea 
might be of considerably greater value when applied in the fall of 
year. By preventing nitrification of fall-applied ammonium fertilizers 
there would be less chance of nitrogen loss through leaching of nitrate- 


nitrogen in the fall and early in the spring. 


Nitrogen Uptake of Field Crops 


The low mineral nitrogen content of soil in the non-cropped 
portion of treatments at Calmar (Table 6) was reflected in the low up- 
take of nitrogen by barley at this site as shown in Table 11. On the 
spring-applied nitrogen treatments barley took up approximately 55 
pounds of nitrogen per acre by September, whereas rape and oats grown 
at the other field sites often contained more than 100 pounds of 
nitrogen per acre. When Ca(NO3)2 and (NH, )250,, were applied in the 
fall of the year at Calmar, barley took up less nitrogen than when 
these fertilizers were applied in the spring at time of seeding. 

There was little difference in nitrogen uptake of barley on treatments 
which received fall applications of Ca(N03)2 and (NH),)2S50,, however 

when applied in spring, the uptake of nitrogen was slightly greater from 
Ca(NO3)2 than from (NH, ) 250) . Banding of Ca(NO3)2 had little effect 


on the nitrogen uptake of barley, but when (NH,)2S0, was banded rather 
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than mixed in the soil the uptake of nitrogen was slightly increased. 
Adding thiourea to the band of (NHj,) 280, depressed the uptake of 
nitrogen by barley in June. By Ete tie barley had taken up as much 
nitrogen on the treatment which received thiourea as on the banded 
(NH), )2S0, treatment. 

The effect of the various times and methods of application of 
Ca(NO3 )2 and (NH), ) 250), on the nitrate-nitrogen content of barley is 
shown in Table 12, In June, barley grown on treatments which received 
Ca(NO3)2 contained the highest concentration of nitrate-nitrogen 
(approximately 0.50% NO3-N). When Ca(N0O3)2 was applied in the fall of 
the year there was 0.30 per cent nitrate-nitrogen in barley. Thiourea 
had little effect in reducing the accumlation of nitrate-nitrogen 
below that of barley which received (NH, )2S0,, alone, The per cent 
nitrate-nitrogen in barley straw in September was very low for all 
treatments (approximately 0.01% NO3-N). 

Differences in the nitrogen uptake of oats between the various 
treatments were generally less pronounced than for rape and barley 
(Table 13). Spring applications of Ca(NO3)2 and (NH,)2S0, were equally 
effective ie increasing the nitrogen content of oats. However, when 
these fertilizers were applied in the fall of the year the nitrogen 
uptake of oats was greater with (NH), )2S0y, than with Ca(NO3)o. There 
was no difference in the nitrogen uptake of oats when Ca(N0O3)9 was 
banded and when mixed in the soil, but banding of (NH, )2S0,, depressed 
nitrogen uptake slightly. Adding biomed to the band of (NH), 250), 
did not decrease the nitrogen uptake of oat forage. 


In June, oats accumlated high levels of nitrate-nitrogen 
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(approximately 1% NO3-N), however as the plant matured the concen- 
tration of nitrate-nitrogen decreased (Table 14). Crawford et al. 
(1961) have attributed this decrease fps concentration of nitrate- 
nitrogen with maturity to a dilution in the concentration of nitrate- 
nitrogen from increased yield of oats. They also found that band 
placement of NH) NO3 had no effect on the concentration of nitrate- 
nitrogen in timothy hay when compared to a broadcast application. In 
the present field experiments, banded and mixed applications of Ca(NO3)> 
resulted in similar concentrations of nitrate-nitrogen in oats, how- 
ever banding of (NH,)250, slightly reduced the concentration of nitrate- 
nitrogen in oats, and adding thiourea to the band of (NH, ) 250), further 
decreased nitrate accumulation. Fall-applied Ca(NO3 )> generally 
resulted in a lower concentration of nitrate-nitrogen in oats than 
the spring application of Ca(NO3)o, whereas fall and spring applications 
of (NH), ) 250), differed very little in the concentration of nitrate- 
nitrogen in oats. 

The uptake of nitrogen by rape grown at Elierslie and Vilna 
is shown in Table 15. In most, but not all cases the nitrogen uptake 
of rape “fe similar at both sites. Rape contained less nitrogen when 
Ca(NO3)2 was applied in the fall of the year than when applied in 
spring. The lower uptake of nitrogen in September from fall-applied 
Ca(NO3 )5 than from fall-applied (NH),)250, was evidence that the re- 
mineralization of Ca(NO3) during the summer (Figure 1) was not 


adequate for maximum uptake of nitrogen by rape. Fall and spring 
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Table 15. Nitrogen uptake of rape at different times of the growing 
season on nitrogen treatments at Ellerslie and Vilna. 

Time of Nitrogen uptake of rape 

fertilizer Method of Ellerslie Vilna 


application Treatment 


application June* July* Sept.+ Sept.+ 


= Control -- 1.0a AE 34.0a Toeea 
Raley Ca(NO,). mixed 2a haben Sa6b 80.4b 110.5ab 
(NH, ) 550, mixed 4.1d 4.6bc 119.1lbc 96.lab 
Spring Ca(NO,), mixed 4.0d SO De SODCLo4a, so 
Ca (NO,), banded on ocd #reacay ly eer 195.5¢ 
Spring (NH,) SO, mixed 4.4d SwibecmlO0>) CObe t25.58ab 
(NH, ) ,S0, banded Apo J ao Cie SOR COee 20K SAD 
(NH,),SO,+ 
thiourea banded Z2.0D¢C, 4.20 stot ben 47). 3Dc 
(5 Oana 
acre) 


* Nitrogen uptake in grams of nitrogen per portion of row. 


+ Nitrogen uptake in pounds of nitrogen per acre. 


NOTE: For each column values are significantly different 
(95% level of probability) when not followed by 


the same letter. 
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applications of (NH), )2S0), were about equally effective in increasing 
the nitrogen uptake of rape. Band placement of both Ca(NO3)2 and 

(NH), ) 250), resulted in greater uptake of nitrogen in July than the mixed 
application of these fertilizers, however by September differences were 
smaller. 

The pattern of nitrogen uptake of rape on the treatment which 
received thiourea corresponded with the nitrification of (NH,)2S0, on 
this treatment (Table 7). In June and July when nitrification of 
(NH, )2S0,, was low the uptake of nitrogen was also eer but by September, 
when nitrification was complete, rape had taken up as much nitrogen as 
rape grown on the treatment which received (NH,,)2S0, alone. 

The accumulation of nitrate-nitrogen in rape at the Ellerslie 
and Vilna sites is shown in Table 16. The low recovery of mineral 
nitrogen in late May from the fall application of Ca(NO3)9 (Table 5) 
was evident in the low concentration of nitrate-nitrogen in rape grown 
on this treatment (0.29% NO3-N) . Five weeks after the spring appli- 
cation of Ca(NO3)2 (June), rape contained 1.30 per cent nitrate-nitrogen, 
whereas rape that received (NHj),)250, contained 0.86 per cent nitrate- 
nitrogen. These levels of nitrate accumulation in rape are generally 
higher than values reported in the literature. For example, Griffith 
and Johnston (1960) found that rape contained only 0.37 per cent 
nitrate-nitrogen at four weeks after application of (NH, )2S0), (rate of 
application of N was 60 lb. per acre). In addition, these authors 
reported that there was no difference between ammonium- and nitrate- 


containing fertilizers in the level of nitrate accumulation in rape. 
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The results of the present experiments indicate that nitrate accumu- 
lation is greater, at least in the early stages of Sone when rape is 
fertilized with Ca(NO3)2 rather than with (NH, )250,. It is also evident 
that method of application of Ca(NO3)2 can be an important factor in 
nitrate~accumalation of rape, because rape which received the banded 
application of Ca(NO3) 2 accumulated significantly more nitrate-nitrogen 
than rape grown on the mixed Ca(NO3)> treatment. Banding of (NH,)2S0, 
had little effect on the concentration of nitrate-nitrogen in rape com- 
pared to mixed (NH) ) 250), however when thiourea was added to the band 
of (NH), ) 250, the concentration of nitrate-nitrogen in rape was reduced, 
particularly in the early stages as growth, 

Nitrogen fertilizers applied in the fall of the year have 
generally been found to be less effective in increasing the nitrogen 
uptake of field crops than when the fertilizers are applied in the spring 
at time of seeding. For example, in Great Britain, Devine and Holmes 
(1964) found that winter wheat took up less nitrogen when (NH), ) 250), and 
Ca(NO3)2 were applied in the fall than when applied in the spring, which 
they attributed to the loss of nitrogen through leaching of the fall- 
applied fertilizers. In the present field experiments, fall application 
of (NH), ) 250), was found to result in nitrogen uptake of rape and oats as 
great as that from spring-applied (NH), 250), . Ca(NO3)2, on the other 
hand was generally less efficient when applied in the fall. At the 
Ellerslie site, the low uptake of nitrogen by rape in June feat fall- 
applied Ca(NO3 )2 was not because of over winter leaching of nitrate- 


nitrogen, but rather because the fertilizer was immobilized in the 
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spring. The subsequent remineralization of nitrogen during the growing 
season was not as effective in increasing the nitrogen uptake of rape 
as was spring-applied Ca(NO3)2 . 

The pattern of nitrogen uptake of rape was different when 


Ca(NO3)2 and (NH), ) 250), were banded and when mixed in the soil, but 


nevertheless there was little difference in the total uptake of nitrogen 


in September. The effect of band placement of the fertilizers was to 
increase the rate of nitrogen uptake of rape compared to the broadcast 
application. Adding thiourea to the band of (NH), )2S0), depressed the 
uptake of nitrogen of all crops early in the season, however by harvest 
time in September the total uptake of nitrogen was as great as on the 
treatment which received (NH,)250, alone. Beaton et al. (1967) showed 
that nitrogen uptake of orchardgrass was increased slightly when 
thiourea was added to urea (2:8 mixture), but there was no evidence 

of a reduced rate of nitrogen uptake of orchardgrass when thiourea 

was used, 

In the present experiments, thiourea was found to reduce the 
level of nitrate-nitrogen accumulation in the field crops, often from 
potentially toxic levels to levels considered safe for cattle consuming 
the plants. For example, at the Ellerslie site, oats which received 
the mixed applications of (NH), ) 250), contained 0.43 per cent nitrate- 
nitrogen in July (heading) which is above the maximum safe level of 
OF20" per cent nitrate-nitrogen in cattle forage (Bradley et av 1940). 
However, when thiourea was banded with (NH), ) 250), there was only 0.15 


per cent nitrate-nitrogen in oats, which could be safely fed to cattle. 
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SUMMARY AND CONCLUSIONS 


The literature generally supports the view that there is little 
difference in the yield of different crops fertilized with nitrate and 
with ammonium, because in most instances applied ammonium is rapidly 
nitrified in the soil to nitrate-nitrogen, eurea when soils do not 
nitrify rapidly,response of plants may be quite different to appli- 
cations of ammonium as compared to nitrate. In the present study, for 
example, radish and spinach grown in pot culture on a slowly nitrifying 
soil showed a marked response to the form of applied nitrogen, 
expecially at very high poten of application (200 and 400 ppm N). The 
response was a reduction in plant growth with ammonium as opposed to 
nitrate, due to the toxicity to plants of high concentrations of 
ammonium, 

The toxicity of ammonium demonstrated in pot culture was not 
apparent in field experiments with barley, oats and rape which received 
a more moderate rate of ammonium-nitrogen (100 lb. per acre). In fact, 
under field conditions it may be of advantage to retain fertilizer 
nitrogen in the ammonium form, provided rates of fertilizer application 
are not so high that crops would suffer from toxicity of ammonium. The 
advantage of retaining nitrogen in the ammonium form is that ammonium 
is much less susceptible than nitrate to both leaching and denitri- 
fication. A portion of the work in the present study was devoted to 
finding a practical way of inhibiting nitrification of ammonium—based 


fertilizers. The main purpose of the present study was to determine 
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the effect of applied ammonium- and nitrate-nitrogen on crops, but a 
practical way of inhibiting nitrification of applied ammonium was 
necessary to the study. 

Greenhouse experiments showed that nitrification of (NH), )2S0), 
and urea could be reduced through band placement of these fertilizers 
and further reduced by adding low rates of thiourea (less than 40 ppm) 
to the band of ammonium. When thiourea was applied in a band with the 
fertilizer, the problem of its phytotoxicity (Fuller et al., 1950) was 
avoided because only light rates of thiourea were required to inhibit 
nitrification. Thiourea was not toxic to barley or radish in the 
greenhouse when applied-at a rate of 20 or 25 ppm, nor toxic to barley, 
oats and rape in the field at a rate of 50 lb. per acre. The 50-lb. 
rate of thiourea placed in a band with (NH), )2S0,, reduced nitrification 
throughout the growing season in three field experiments. 

Growth of rape, uptake of nitrogen and nitrate accumulation 
were all depressed early in the season by addition of thiourea in the 
field experiments. These findings agree with work by Nyborg (personal 
communication) who found that rape required nitrate-nitrogen in its 
early stages of growth. In the present experiments, the effect of 
thiourea on rape was no longer evident at harvest time. Oats absorbed 
ammonium as readily as nitrate and addition of thiourea to banded 


(NH, )250, had little effect on the growth and nitrogen uptake of oats. 
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Method of application of fertilizer (i.e. mixing or band place- 
ment ) influenced the yield of rape. Banded application of Ca(NO3). and 
of (NH, ) 250), produced greater growth and nitrogen uptake of rape at 
mid-season (July) than did the mixed application of these fertilizers. 
Accompanying the greater uptake of nitrogen on the banded-nitrate 
treatment was an increase in the accumulation of nitrate-nitrogen in 
rape, At harvest time this preference for banded nitrogen was less 
apparent. Unlike rape, oats and barley were unaffected by the method 
of application of (NH), )2S0), and Ca(NO3)2. Apart from the preference of 
rape for nitrate there was no evidence of ammonium toxicity to plants at 
rates of ammonium used in the greenhouse experiments (100 ppm NH; -N) or 
in the field experiments (100 lb. per acre of NH[-N). 

Included in the field experiments were comparisons of fall and 
spring applications of Ca(N03)2 and (NH), )2S0,, for spring-sown crops. 
Generally, fall and spring applications of (NH) ) 250) were equally 
effective in increasing the nitrogen uptake and growth of field crops, 
while Ca(NO3)2 applied in the fall of the year was, in most cases less 
efficient than spring-applied nitrate. For rape, this inferiority of 
fall-applied nitrate was particularly apparent early in the season due 
to the inmobilization of the fertilizer, and the high demand for 
nitrate-nitrogen by rape at this time. Lower uptake of nitrogen by 
oats from fall-applied nitrate was evident later in the season when 
this crop took up most of its nitrocent 

Results of this study show that the effect of nitrogen 


fertilizers on the nitrogen uptake and yield of crops may be substantially 
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influenced by the form of applied nitrogen and the time and method of 

fertilizer application, as well as by the addition of a nitrification 

inhibitor. Specific findings of this work are: 

1. Differences in the growth and nitrogen uptake of field crops 
grown following fall fertilization with Ca(NO3)2 as compared to 
(NH), )250), appear to be the result of the different patterns of 
immobilization and remineralization of the two fertilizers. Fall- 
applied nitrate is immobilized more quickly and to a greater degree 
than fall-applied ammonium. Both forms are apparently remineralized 
during the following season, but nitrate is remineralized later an 
the season. The immobilization of fall-applied nitrate resulted 
in reduced growth and nitrogen uptake of rape early in the season. 
Reduction in the growth and nitrogen uptake of oats from fall- 
applied Ca(NO3)2 as compared to fall-applied (NH,)250) was not 
evident until later in the season. 

2. Fall and spring applications of (NH), )2S0), were equally effective 
in increasing the yield and nitrogen uptake of rapeseed, barley 
grain, and oat forage. However, fall application of Ca(NO3)2 gave 
less growth and nitrogen uptake in barley than did spring applica- 
tion of Ca(NO3)2. Oat forage took up less nitrogen when Ca(NO3)o 
was applied in the fall as compared to the spring, but there was 
little difference in the yield. 

3. There was an apparent preference of rape for nitrogen fertilizers 
which were placed in a band rather than when mixed in the soil, but 


oats and barley were not affected by the method of fertilizer 
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application. Also indicated was a greater preference of rape for 
nitrate- than for ammonium-nitrogen. 

Thiourea was effective in inhibiting nitrification of ammonium 
when placed in a band with (NH), ) 250), . At the rate of thiourea 

used in the field experiments (50 lb. per acre) there was no 
evidence of toxicity of thiourea to the crops studied. The effect 
of thiourea was to modify the growth and nitrogen-uptake pattern 

or rape, and to decrease the mid-season accumulation of nitrate- 
nitrogen in rape and oats. One sfeeareah which was not covered in the 
present study was the use of thiourea in preventing the over-winter 
loss of fall-applied ammonium through leaching and denitrification 
of nitrate-nitrogen. Further experimentation and evaluation under 
such conditions are necessary to ascertain the full potential of 


thiourea in the production of field crops. ’ 
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ammonium chlori 


ammonium sulfat 


calcium nitrate 


sodium nitrate 


APPENDIX II 


Nitrogen fertilizers used in greenhouse and 
field experiments. ; 


Solubility in water 


Chemical name Chemical formula (g/100 ml.) 
de NH,CL 29.4 @ OCC 
e (NH), ) 250), 70.6 @ 0°C 
Ca(NO3)2 5055°@ 0°C 
NaN03 73.0 @ O°C 
NHaCONH> 78.0 @ 5°C 


urea 


thiourea 


NHoCSNH2 9.18 @ 13°C 


8h 


- - _ 


“> eS ae > i ——— ae 
2 : — 


7 


ee ae 


B30064 


